1 WATER TREATI NG METHOD AND ARRANGEMENT | NTEGRATI NG A
FI XED- BACTERI A Bl OLOG CAL TREATMENT AND FLOCCULATI ON
DECANTATION This invention relates to the field of
water treatment. More precisely, the invention
relates mainly to a nmethod conbi ni ng hi gh-speed

bi ol ogical treatnent of 5 biologically treated water,
using fixed bacteria and clarification with ball asted
flocs. The invention nay be used for the treatnent of
any type of water containing inpurities that could be
elimnated by a biological treatnment with fixed 10
bacteria requiring clarification after biologica
treatnment, particularly such as the follow ng, w thout
prejudice to equivalent use for simlar applications:

- waste water treated by a bacterial bed in which the
treating bacteria are fixed on fixed supports 15
(rollers, plastic or mineral linings) or rotating
supports in the water (rotating disks or drums to
provi de the oxygen necessary for the bacteria) in
order to elimnate excess sludge fromthe
biologically treated water; 2 waste water or water

i ntended for human consunption treated by an MBBR
(Moving Bed Biological Reactor), in which the

bact emrarHrh SR B NEE METHEID tAND tmmcmhmmm i IMTEGRATING &

artlcularl car bonaceous
P FIXED- QQCTERIA BIOLOGICAL TREATMENT AND FLOCCULATION-

DECANTATION

This invention relates to the field of water
treatment.

More precisely, the invention relates mainly to a
method combining high-speed biological treatment of
biologically treated water, using fixed bacteria and
clarification with ballasted flocs.

The invention may be used for the treatment of any
type of water containing impurities that could be
eliminated by a biological treatment with fixed
bacteria requiring «clarification after Dbioclogical
treatment, particularly such as the following, without
prejudice to equivalent use for similar applications:

- waste water treated by a bacterial bed in which
the treating bacteria are fixed on fixed supports
(rollers, plastic or mineral linings) or rotating
supports in the water (rotating disks or drums to
provide the oxygen necessary for the bacteria) in order
to eliminate excess sludge from the bioclogically

treated water;
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5 nitrate pollution, are fixed on supports with a

small unit size, typically between a few mllinetres

and a fewcentinetres, with a density simlar to the
density of water in order to renove excess sludge

fromthe biologically treated water; 10 - waste water

or water intended for human consunption treated by
biofiltration on filters lined wth |arge dianeter
material, are used for continuous cleaning of excess

bi ol ogi cal amBste |t watesn Slwdgeater wangpngdged for human

treatl teri I eul Y b , ; Leal
T
suppeEc tfoayndaih owhdeposiesl bhchalrlis, thydt ndees,designed to
pearls or simlar supports in order to renove excess

sl udd@ats reen 1Ml B ol BeFEAFRYAE L¥aCad Olsy tHgmonia or

cur LAty At So Pyt h6n ar hreWatiSle e Wt ak0ppOrt 30 wILSS small
sl udge produced by a bi ol ogi'cal process with fixed
bacteriita ®pze at itypicedtliynuesicvgenor tfrw pnéldimgerepepnd a
or BR type, i,s usually, clarifli in,.a .Gl ical .

! . . he 4 t
sec dvari)'yrg?]ar??tfjfee?’ f‘ﬁ]ﬁ%]ill %ngﬁésgt%ys%é%g?%?s‘l[cﬁe OF deF Sty
of e weter pei beder( usdaldemduweoneabest Osbudgd tfacm the
25 maxi_mum of_ 2 mh), making it necessary to have
| ar d olagicrdel vartez2@ §98 Jte?T 1 0 achi eve the
Clar'f'CQ“Q#%t&“W%aESEeS§ﬂFy ahker thenpiohegi calor  human
treat nent. ere is a technique in the current state .
of tdwerswanpit icesctiréatedn bisr enbdf pht eat ieppbicdtilgrers lined
FR2719235. 30 published on hbveqfer 3 1995, .
assOCiTt i T e SCAITAFEd "Ry tr eBt NP W (1P continucus
cl ardffdgatriProt r erEEESt bhY13gical and filtration sludge in

which the treating bacteria (particularly carbonaceous,
ammonia or nitrate pollution) are fixed on a filter
support foundation composed of balls, cylinders, pearls
or similar supports in order to remove excess sludge
from the biclogically treated water.

In the current state of the art, water containing
excess sludge produced by a bioclogical process with
fixed bacteria operating continuously, of the bacterial
bed or MBBR type, is usually clarified in a classical
secondary clarifier functioning at speeds of the order
of one meter per hour (usually from about 0.6 m/h to a
maximum of 2 m/h), making it necessary to have large
surface areas in order to achieve the clarification
work necessary after the bioclogical treatment.

There is a technique in the current state of the
art described in French patent application FR2719235
published on November 3 19295, associating an activated

sludge treatment with a clarification treatment by
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flocculation- settlement with ballasted fine sand

floc, in order to clarify water at surface settl enent
speeds of up to 6mh or nore. Due to the use of

bal asted floc settlenment, this, 5 technique that is
capabl e of achieving settlenent in surface areas

al ready reduced by a factor of the order of 3 to 10

has the di sadvantage that it requires the use of

activated sludge as the biological treatnent method.

10 Adidoratledt isinidgee thalemsevenal th yipeslagted fine sand floc,

di sadvant ages. First| t he activated. sl ud requi r.es
thati?h IRF 9%t §0 cCLREREY nYohSEt & AUIRAGE | &y SE9 e epeeds
N cFUSRERS W/ dhendwad er output fromthe activated

15 sl udge pond, and the vast mgj oriﬁtﬁi{y of clarification _
sl udge i Pueedia crat veesafadadd aphiest £1Pa neebateeeity this

nas y t.rea Ln e j d :
pond ST Yeheh WL SLIBALLL Y e PPl oY BRG] SBetiihent in
r at ewff aowr eatdees) @aboeddy wedutbd blow rfatcrdw b e order

treated i s necessary, . takjn ccqunt o

reUQQuﬁaFPoﬁocﬁa§IEHGe W%FQﬁgﬁhéh%Fd&F(ﬁeqq&Fes the

flowded Be ddepiHded Miihidgd t apEGaRSabY ol1@gaeRad! I eéatment
| arge settlenment structures; Secondly, settlability

requietdimsht s for activated 25 sludge make it
necessary, ta_ limi th entratjon i vat
.¥Actth1vatrgcf glﬁﬁ%% cg veazg%l 3 t%g(pgsg of

sl udge in e pond to valdes of e order

of Qispendartasmd ds (SS) per litre (even in the case

of clarification with ballasted flQc .
Firstly, the activated sgu%ge requires that the

entire treating bacterial mass is clarified, in
suspension in the water output from the activated
sludge pond, and the vast majority of clarification
sludge is recirculated so as to maintain the bacterial
mass necessary for treatment in the activated sludge
ponds, which usually means that settlement at a flow
rate of more than about twice the flow rate to be
treated is necessary, taking account of a recirculation
of sludge wusually of the order of the flow to be
treated, making it necessary to construct large
settlement structures;

Secondly, settlability requirements for activated
sludge make it necessary to limit the concentration of
activated sludge in the pond to values of the order of
3 to 6 g of Suspended Solids (S8S) per litre (even in
the case of <clarification with ballasted flocs
according to patent FR2719235, unless very high and
economically unrealistic recirculation rates are

provided), which considering the Dbioclogical mass
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according to patent FR2719235, unless very high and 30
economcally unrealistic recirculation rates are

provi ded), which considering the biological nass 4
necessary for the treatnent of g given pollution flow,
require |arge pond vol unes conpared wth the vol unes
necessary when the biomass is fixed; Finally, |arge
concentrations of dry material in 5 the water to be
settled (3 to 6 g SS/1) require the application of

| ar gecessgert fdusesh¢ ot reatment phad dimpm pgllution flow,

fl occul ation. pol yner),. on Xi I d e

ot ST L EREY Rk, R FREEE [ Ripea ARRhCTend Mblumes
| ar gR deRRGARt WIRTS WHY iishadd) {def imed); pur pose of

this invention is to solve these problens

di vul gi ng1@adder *@%%@nﬁﬁpcﬁp&6§§§9n%ﬂ%§ag¥§ﬂmﬁﬁfq#?l in
t hat, et vgg t! i%slkﬁé‘ Seduenge @& £§?%t g088/0hxekquire the

bi omass biological treatnent step of at” | east part of
t he ap@ligstdorc onfai Texge n resigenkat éoseshe(dB-en more than

bi ol ogi cal | y_purified_flow obtained at the_out
thi ¢ @p St a Hioﬁé:‘ﬁl@stsl%anp‘QPW?ri)f s§“bef%§ér{"{‘?&te”
IS ddipiled MO heaPext agkepo M@ atediBBAilatlion of sludge,

floccul ation-settlement step with ballasted flocs in
whi digadng He® BisIaRyixeaIs E reBY BT HR$ s transferred

of betuadh 102881 PR RE0CE. 1 ite “HFeRTAPh Qg ot

of between n 0's-1, In east one

i nsalhddee mraivldme bpt divallgdegser watar wereatment process,

') ec:(i'lta.erdacat:nedrJ'issec{]eaj.rtlj ti_l'?atsuls eé‘ér%é’é‘ié’"e”g 3|_1r11 g\'gciq&gngcte at least
one fixed biomass biological treatment step of at least
part of the pollution contained in said water, the
biologically purified flow obtained at the output from
this step containing less than 2 g/l of SS before it is
input into the next  step, and at least one
flocculation-settlement step with ballasted flocs in
which:

the biologically treated flow is transferred into
a mixing zone, preferably at a velocity gradient of
between 10 s* and 1000 s™', in which at least one
insoluble granular material denser than water is
injected and is held in suspension and in which at
least part of the suspended solids are left to
aggregate around the particles of said granular
material,
the flow output from said mixing zone 1is

transferred into a settlement zone in which a clarified

effluent is separated from the settlement sludge mixed

with granular material,
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25 least part of the suspended solids are left to

aggregate around the particles of said granular

material, the flow output fromsaid m xing zone is
transferred into a settlenment zpne in which a

clarified 30 effluent is separated fromthe

settlenment sludge mxed wth granular material, 5

the granular material is extracted fromthe settl enent
sludge, and nost of it is recycled in said mxing

zone, théhset tdxammitas| udgeesepar ated fpdmadyed from the

I t t .
o aer el Flvdhe Rl HER G GEE Sra A e satd
enakliesry cmact biologlcal treatnment due to Iarge

concentrations of_ biomass. possible with flxed ql
processes; QMﬁ9§¥¥?W§H?n%lﬁﬁgﬁnF?PérPFéﬁ e granular

apprtidmtal i LA 4 dde flowrate to be treated

(the only difference being any recirculation
necessarﬁdmpaqﬁﬁlwdth widnshi sgabé-ohetheranhsfor activated

d b
o’ ROaar Sga BRI TEN abroR PhospactBPrC ot Slogical

necessitmdriy td@at nept bairge ficeedaanddigionssuppdr tbiomass
whi ch reduces the size of the settlenent installations
by @ISsihle cuukhi §ixEECtONIRY OPEPRESEESond'HidkS ahteating

o AR HL AR fathfallen) LiSasett) Sl pon cace

al Sa:cbe becycttmht@dthe(tma(l ngnly difference being any
recirculation necessary for periodic washing of the
biomass support) in secondary decantation, because
there is no need for sludge recirculation, the bacteria
necessary for treatment being fixed on their support,
which reduces the size of the settlement installations
by a first reduction factor.

According to one variant of the invention, at
least part of the settlement sludge separated from the
granular material can also be recycled to the mixing
zone.

The method according to the invention can also be
used for treatment at high « mirror » speeds (treated
flow divided by the settlement area) in secondary
decantation, at between 15 m/h and more than 100 m/h.

The method according to the invention can also
reduce quantities of flocculent polymer used due to the
smaller quantity of 8S to be flocculated (only excess
biomass needs to be treated, namely concentrations of
less than 2 g/l, and usually even less than 1 g/l) and

due to the fact that approximately only the raw water
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zone. The nethod according to the invention can al so

be wused for treatnent at high << mrror >> speeds

(treated flow divided by the settlenent area) in

secondary 25 decantation, at between 15 m'h and nore

than 100 mh. The nethod according to the invention

can also reduce quantities of floccul ent polyner used
due to the smaller quantity of SS to be floccul ated

(only excess biomass needs to be treated, nanely

conddmw at & ortsraﬁt&ﬁ) Kbs;auﬁan they/ Ilnvéml@gluaqm?ﬁ evi@y use

| ess .t d due tt

Lo ek eSS echs Mddids (R r1ow rate to be
(begausadd)e i nvention does not use sludge

recircul ati on that doubles the flow rate to

be
treat ed) Praferaanly, ST a1 | xEd*Bonmadd MasiBgi cafolegical
tregl %eﬁ Ridebh OSSP Me {198 | 8% Mowing biological

bi ol treatnent types: bacterial beds, << Mving
Bed tiRiecimegitcal Regmsior s bacBBRs), Wedti | t ex shoving Bed

P: QI@(& 15 3%0 EEBE@IP?(%C osgﬁl?l?%))r/n a%ﬁﬁg ?‘ﬁ:%rpf?% bf’gloglcal

typ@gskgnuls rollers, plates, ribbons, pall,
raschig or simlar type rings,_ disks or druns, these
supportsﬂdﬁqK;ﬁﬁ%&§¥&91Y¢nﬂﬁ4¥ﬂ FiPMRSHspbhsi Bixed to a

the gﬁ%>ré(%ﬁ§ effggtﬁﬁgﬁggkgge%ﬁiﬂb *@ftr es - bkalls,

conc ration o Ogl ca at ed
f 1 owcilifenisnepaitddie wilblponts f rpmil hea$chsy drobbyitar type
treartlr;legn; S§ egk.ls;s c>|res r&rgsa,n ltgl/els'e gupports being fixed or
mobile, or in suspension in the water to be treated.
Advantageously, the concentration of SS in the
biologically treated flow obtained at the output from
the first biological treatment step is less than 1g/1.
Also advantageously, the process according to the
invention comprises a step consisting of injecting at
least one flocculating reagent into said mixing zone.
Preferably, the process according to the invention
also comprises at least one step consisting of
injecting at least one coagulating reagent. This
coagulating reagent may be injected on the input side
of said flocculating reagent, in the mixing zone or on
the input side of the mixing zone and/or in any sludge
recirculation loop.
This c¢oagulating reagent may be in the form of a
metallic salt (for example 1like iron chloride or
aluminium sulphate) or in the form o©of an organic

coagulant {such as polyDADMAC
(polydiallyldimethylammonium chloride)) .
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Al so advant ageously, the process according to the

i nvention conprises a step consisting of injecting at

| east one flocculating reagent into said mxing zone.

20 Preferably, the process accofding to the invention

al so conprises at | east one step consisting of

injecting at | east one coagul ati ng reagent. This

coagul ating reagent nmay be injected on the input side

of said flocculating reagent, in the m xing zone or on

25 the i Bpgh sinddrofeatieomiod my Homrrahd? I irkigg reagent

slu reci [ ' agul.at t

oy S 1 SR, SH15P 08, TR o LRI breated
| i kevaitrean tehlwstrglelow fahaii radmesulgihateeyidual nphdgphorus,
form of an organi c 30 cpagul ant (such as pal yDADVAC, .
(poldieal Py RBEnyTEHbSH o Etor | Hgs: PE8qeR apindering
i nj Gl ¥f &HE NHHaSLABLAldN A KL AAIEpIStiElls 885 reduced
ferric chloride reduces the content of treated water

to wéiter obhei Arloheginssl otreasmansl. phospornere, | pegt of
LM Gilddd AN BT LELEE I MELBOUE BAISNG Sige or in

omass pecause ospnor us

redgeed makifg thendi drogoedert reat neproveur tlémimaeion of
part of _the sludge can be recirculated on the |npuf |,
si dPNSENPTUShe2Rfx| Y ARt MiSSr 88f t'65¢ nptfov&he 1njected

R S e D v M N o

t o rcethsoedttison.consunption. Al so preferably, the

residencifggnaégefggétly‘ the residence time of said
biologically treated flow in said mixing zone 1is
between 1 and 10 minutes and is preferably less than 3
minutes.

This invention also relates to a bioclogical
treatment installation for waste water specially
designed for implementation of the process described
above and characterised in that it includes:

- a fixed Dbiomass Dbiclogical treatment zone
comprising at least one biological treatment reactor,

- a mixing zone provided with at least one
biologically treated main flow arrival channel,
obtained at the output from said biological treatment
zone, at least one secondary arrival channel connected
to a source of granular material insoluble in water and
denser than water, and at least one stirring system;

- a settlement zone receiving the flow originating
from said mixing zone and provided with a clarified
effluent extraction channel and an extraction channel

for the mix of settled sludge and granular material,
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biologically treated flowin said mxing zone is

between 1 and 10 mnutes and is preferably |less than 3

15 minutes. This invention also relates to a

bi ol ogical treatnent installatgon for waste water
specially designed for inplenmentation of the process
descri bed above and characterised in that it

i ncludes: 20 - a fixed biomass biol ogical treatnent

zone conprising at |east one biological treatnent

reactor, -- @ nlgInQUi@me prbatesdani t h secnpasatspe zone

o O PR LRI O 1 6L fon chanme

25 7Fwie, tiad h&&stoﬁ)nee&eceadm;udgeuaaﬂ chamedlar material,

connected to a source of granular_materjal insoluble
i n AT CAREUNAEASERS, A iFer OUBRAC AW dhsFodRe Secondary

St I D@ 19Ut fillceri1@15€Ehh BRBNELZQNE1 I 6GRd ViAGH NBn  excess
flo orlglnatlng fromsald m xing zone and provi ded

mﬁtmLmdgaué#ﬁnattinrwﬁﬁannﬁk extraction channel and
an extracti nnel he .m_x of S u
éﬁﬁ ,alsa% gﬁﬁ%ﬁ%ﬁ%? %éé@ ?ﬁé qgﬁe is of

and gran erra

I eC IR HdHEeZQTIe KMNBBRGNGRIEL et Nt gpe W th sai d
extraction channel for the mx of settled sl udge, and

gr anul ar Af@er #@Fording éﬁhﬂﬂﬂ?céﬁqﬁ?%ﬁ PﬁeQﬂﬂléPventlon'
\Mtikﬁgﬂfhg%giﬁg%qgh Fg@g??&é& mRLas 'fgé¥cf15@n§£ least

nd Wth an excess e extraction channel
Pre&ﬁﬂﬂblyofsatdem(ﬁluﬁgﬁﬂ sepatabad zGmeni s Wie tgeanular
baCtm%.rtleallla ed to'\\{v%.BFéls tl?el orrfuj.}!;{r% zt'cYI?ee.'

Also preferably, said biological treatment zone
comprises biomass supports chosen from among balls,
rollers, plates, ribbons, pall, raschig or gimilar type
rings, disks or drums.

Advantageously, said mixing zone comprises at
least one tank in which at least one steering means is
located capable of keeping the granular material in
suspension.

Also advantageously, the installation according to
this invention comprises means of injection of at least
one flocculating agent such as an ionic or cationic
polymer, into said mixing zone or in said main inlet
channel for said biologically treated flow.

Preferably, said installation comprises means of
injection of at least one coagulating agent such as a
metallic salt or an organic coagulant, provided on the

input side of said means of injection of said

flocculating agent.
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Al so according to one variant of the invention, 10

the installation conprises neans of recycling at |east

part of the sludge separated fromthe granul ar

material, towards the m xing zope. Also preferably,

sai d biol ogical treatnment zone conprises bionmass

supports chosen fromanong balls, 15 rollers, plates,

ri bbons, pall, raschig or simlar type rings, disks

or drums. Advantageously, said m xing zone conprises

at | easPlege puakerabhii cleaid | gxsnudar srakeerigl 1s sand

means .i.s l.ocated capa eepi,ng r
mat évrlitalljl i%lmﬁﬁs%'agsen?f%}v%e&}lfsoagdvaé}{]g@%gﬁgﬁr/? tﬁéld 300
i nstraldindeeraccording to this invention conprises

means of injection of at |least one floccul ati ngtagentt the

such as &FSERiADr Bati GRcc Yriark, FRPBILEF

M XiiRG, AN PN idh iRl GJMRiRpdNet zofre ClpRel nber sabd any
biologically treated flow. Preferably, said
i nstl@nedtliszon conpri ses nmeans of injection of at |east

one coagyl ati hg agent su as a_metalljic. sa
or gani c g‘&éﬁﬁ‘%‘rﬂggetpc? o%ﬁog%beronv%wéa t|:’npéu l@i%léetg;e@g?% zone
nmeanped HajeeCtdnenf. said 30 flocculating agent. 9

Al so preferably, said granular nmaterial is sand with )
di mensi offiSei REERTAONN RS ndE sVAR#CEE0 advantages of it

A e NS OBl et stbgerbeth ek ghing uhe

any fecllowing description of a non-limitative embodiment of
the invention given with reference to the single figure
that diagrammatically shows an installation combining a
bioclogical treatment step by RBC (Rotating Biological
Contactors) with ballasted settlement flocculation.

With reference to this figure, the water to be
treated enters this installation through an inlet 11 to
a tank delimiting a biological treatment zone 1 with
fixed cultures.

This tank is shown in the figure equipped with
rotating biological contactors made by vertical disks
mounted on a common horizontal axis 12 in rotation,
acting as a support for the treatment biomass.
However, ncte that any other method of supporting the
biomass known to those gkilled in the art could be used
without departing from the scope of this invention.

The air necessary for bioclogical treatment 1is
brought into contact with the biomass by rotation of
the support disks.

The biologically treated flow in this tank that

then only contains the excess biomass from the
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| anel  a. According to another variant, said settlenent

zone does have lanella. The invention and the various
advantages of it 10 will be nore easily understood

after reading the follow ng dggcription of a
non-limtative enbodi nent of the invention given wth
reference to the single figure that diagrammtically

shows an installation conbining a biologica

treatnment step by RBC (Rotating Biological 15 ,
Conttagadmsntniitch Ing e dshanl kil | ehesispereed| ael bfds, passes

W t ferenc | s, figure, : e ;

tr e;&tl{ergmgﬁ (reér 33 %%E{ [ 223 a aaFi %%ﬁ?hc}%%grﬁl%%n$n? er{ll)ﬁng zone
to 2a tank delimting a biological treatnment zone 1

wth fixed Qultures. 20 This_tank i s. shown

o |
figure edditdd when EEEFEMORE bPoI o§Pes E@hSQEF%Pg' this

made,dus Mt tdCalngli SKSrmdOuNh£oh 051 81 6QIFRM POEL-EQPEA! inlet
axis 12 i'n rotation, acting as a support for the

tredilmntisi sedused Howe¥esingdee apgiingyint Rercommon wall

t hod of s t t.h . bj
ki e RE e "t R En A iR ol g PR preatnent
f r omdrite 1sfaen afhd Mamit nkeninONing hehali mixboessany 2.

for biological treatment is brought into contact_wth
the bio sytaBkatdonisitinge thgpgbt¥ing sgoNe3p? THE 2lso

bi olﬁ{@ﬁ% & tr8at ed flew iRt hibs taply that geEBRAAGY! Vinlet

cont'ains the excess biomass fromthe 10 treatnent is

| esshemarellg/¢f of asugpendédrsomadsy igdsseypmposed of sand
composed of the underflow 41 from a hydrocyclone 4.

Finally, this tank is provided with means 24 of
injection of a flocculating reagent and means 23 of
injecting a coagulating reagent, that can for example
be an iron or aluminium salt, or it can be an organic
coagulant such as polyDADMAC, provided on the input
side of the injection of the flocculating reagent.

Note that depending on this type (preferably
ferric chloride) and its dose, the coagulating reagent
can eliminate phosphates remaining in the biologically
treated water.

The treated water containing ballasted sand flocs
in suspension, is then directed through the baffle 34
to a settlement zone 3. The settled mix of sludge and
sand is picked up at this point by a scraper 31 and is
pumped through an extraction channel 35 to the
hydrocyclone 4. This hydrocyclone 4 forms a zone for
recuperation of the granular material (sand), the inlet

of which communicates with the extraction channel 35
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through a passage 21 in a tank delimting a m xi ng

zone 2. Wthin the framework of this enbodinent, this

5 passage 21 that fornms a main biologically treated

inlet flowis reduced to a single opening in a conmon

wal | separating the tank delimting the biologica
treatnent zone 1 fromthe tank delimting the m xing

zone 2. This tank delimting the mxing zone 2 is also

10 provided with a stirrer 22 and a secondary inlet

chamrsl tdfe ouftlatulef wnichibd conposed of thadunderflow 41

co sed of .t.he underflow 41 from a hydrocycl 4
2oLy Gl ARSCHAS Y SRadi O TV 08 SR TnE
injecti omlaf aahbocill abicBgeiredagent amderFarsy 281 0ffrom the

15 injectiQ%H? coagul ating reagent, that can for
exaflE WY GP1S oh dRdalBnrRCYMIER ity 9% WHrhpet gpart of

or gacrﬂésﬁgxg&%?” tﬁ‘ﬁt tﬁ%?hni%@i&?%’&ﬁ%&@fwh&ﬁ%“&?éj R85 &PEey of

i nput e Injectionm o | occul ati ng .
r eagdme . hidtecybaonddpeididus obst kkéragped( priafargibl gircuit

20 ferrjic chlqride) and its dose, the coaqgul ati

rea _ttocﬁn Sg'lui%%attrée%%%rb%a?ﬁs Slt]:@f?&gﬁi %&qah Flg%t shown) .
bi ol;a0i Xl dty sdi€adeden@t sTuddbesépephedanaten the granular
contai ning ballasted sand flocs in suspension, is

t hemafig®ictled adwisuglet heepdfFipd 3untos the gmixing zone 2

settlﬁggg} .,he settled mx of sludge and sand
is 6%0 e lbp a% %H%%Pboint by a scraper 31 and is
punped t IMTosighl san fidd acdtemn Tharamledn 36ut oof hehe settlement

hydr ocycl one 4. This drocyclone 4 forns a zpne for
rec %u?dﬁnth?héuﬁggﬁﬁl ﬁﬂﬂéﬁi%ﬂ PERGE AP ReChannel 32

i nl efnciuding chutes 33.

The installation described has been used to treat
town water. The sand used has an effective diameter of
130 micrometers and a real density of 2.65. Ferric
chloride was used as the coagulant, with a content of
50 mg FeClis/1l. The flocculent used was an anionic
flocculent with a content of 1.5 mg/l. A sand/sludge
mix recirculation rate equal to 8% was sent to the
hydrocyclone with a sand recirculation content equal to
5 kg/m® of effluent output from the biological
treatment zcone 1.

A mirror settlement velocity in the settlement
zone equal to 30m/h was implemented concomitantly.

The flow obtained at the outlet from the tank
delimiting the biological treatment zone 1 obtained
contained less than 600 mg of SS/1. This installation
was used to obtain treated water with less than 20 mg

of 88/1.



30 of which communicates with the extraction channe

35 11 and the outlet of which is conposed of the
underflow 41 formng the secondary granul ar materia
channel . Al sand is recoveredip,n underflow 41 from

the hydrocyclone 4 and is recycled with or w thout

part of 5 the sludge to the m xing zone 2 while the
majority of the hydrocycl oned sludge is extracted

through circuit 42 to a sludge treatnent or storage

area (notThesmwnyas At vesastssahe ehnchelessidgé less than 3

separated fromthe granul a rial d

r ecy%lf Sy i%‘{ dgafrhcg Rﬁq{(icf%blzon“éérgéfl%gt‘ﬁ%g%%ht?rgaa%%dﬁﬂ.
The cl arificedembb@imefitt @fentioat ialehhdonetddsmmeiited herein
zone 3 on the surface, through an extractjon channel 32
i nclifinRF cHutdyY '8y ierndRd afP X FERCett? | BEPRas
been used to treat 15 town water. The sand used has
an effective dianeter of 130 microneters and a rea
density of 2.65. Ferric <chloride was used as the
coagul ant, with a content of 50 ng FeCl3/1. The
floccul ent used was an anionic flocculent with a
content of 1.5 ng/l. A sand/sludge 20 m X
recirculation rate equal to 8& was sent to the

hydr ocycl one with a sand recircul ati on content equa

to 5 kg/nB of effluent output fromthe biol ogica
treatnment zone 1. A mrror settlenent velocity in the
settlenment 25 zone equal to 30m h was inpl enented
concomtantly. The flow obtained at the outlet from

t he tank

Q)
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delimting the biological treatnent zone 1 obtained
contained |l ess than 600 ng of SS/1. This installation

was used to obtain treated water with I ess than 20 ng

30 of SS/I. 12 There was a venry snall sand | oss of

| ess than 3 grams of sand per cubic neter of water

treated. The enbodi nent of the invention described

herein is not in anyway intended to reduce its scope.

13 CLAIMS 1. Water treatnent process characterised in

that it conprises in sequené&dAdiMy east one fi xed

bi omass 5 biological treatnent step of at |east part

of the pollution contained in said water, the

bi ol ogi cal | watwtri tiredthkaw Grcdawsl ahakhetewtipel in that
fromthis step containing less than 2 g/l of SS ,

bef ore FEMPEiBEFutin| FECUEREEneRt JSEFL anBeatf e biomass

one 4 oo &t i on 10, seidd engly sbep Wit mbadd agdad of the

flocs according to which: - the biologically treated

fl opaoklutriamsf eongdinatt oia nsxidg wedrey, prtdfeer Bbpyogically
a velocity gradient . of. between 10 s-1 and 1000 s-1..

in \/&Hrﬁ#%‘?gl gggfﬂ p?]%ta_i%n? sG1tubtBe g AHEHY grﬁ By iHfte step
denseind it @t @eskS tHAY eot e 1andfi Shebdfore it is input
suspension and in which at |east part of the

suspidiied t86! | Bexbr StaRt £Ed aghr RATE aBithdflRgculation-
paftéé%é%%ﬁgnéa'g&&ﬁanwl@ﬁ BRigLERLa  flocs according to

which:

- the biologically treated flow is transferred
into a mixing zone, preferably at a velocity gradient
of between 10 s! and 1000 s™', in which at least one
insoluble granular material denser than water is
injected and is held in suspension and in which at
least part of the suspended solids are left to
aggregate around the particles of said granular
material,

- the flow output from said wmixing zone is
transferred into a settlement zone in which a clarified
effluent is separated from the settlement sludge mixed
with granular material,

- the granular material is extracted from the
settlement sludge, and most of it is recycled in said
mixing zone,

- the settlement sludge separated from the
granular material is extracted.

2. Process set forth in claim 1, characterised in

that it includes a step consisting of recycling at
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20 - the flow output fromsaid m xing zone is
transferred into a settlenent zone in which a
clarified effluent is separated fromthe settlenment

sludge m xed wth granular maggrial, - the granul ar
material is extracted fromthe 25 settlenent sludge,
and nost of it is recycled in said mxing zone, - the

settl enent sludge separated fromthe granul ar
material is extracted. 2. Process set forth in claim

1, dmh‘%?ctmli‘l’se@fi thSQGFﬁéﬁmienti FdlwdEss seppeR-ed from the
con in he
setﬁ 1'ﬁ'[%' I u :Iy‘s:éél a?cac?"‘ dﬁfr om f}t{él}pfﬂ%n% %1%

materi al 3 tcwmm&d heem xtfogthon:én 3e1tBna§1ce&sla§'Bﬁ 1 or 2,
forth in either claiml or characterjsed in

sai FARTRGHEed ridhtrhalt %ﬂ%% ?&pl?9¥?§%dt5?%ﬁ@§§tl§teP by

chosandq om ek t hes f AlhOYENY PiGh0GhREhgt F €BEMERb1 1owing
types: bacterial beds, " Mving Bed Blologlca

Readxmlsvgs:ca(ﬂvssrsgttmbnbf ithyrerss, ba@t@q;laél hfidks. «4Moving
Process s rth | f..clainms 10 . .
% ?él ?%l?%at Sal%ct%f% 4% C?TO ablofllters,

charact eri 3ed bi°6Fasds is

supprdl sehiassin digus anong the follow ng types - balls
rollers, plates ri bbons, pall, raschig or sim|lar
type rirgs PRACEES ofelr AR tR hdde SBBp&t schaing 1 to 3.

[ SShecBllle 0| TR i el e o <

1 t subporthaslacten i Sedmi ambhgt thige fodncerimatiywesf- SBalls,

IIWthilers, plates, ribbons, pall, raschig or similar type
rings, disks or drums, these supports being fixed or
mobile, or in suspension in the water to be treated.

5. Process set forth in any one of claims 1 to 4,
characterised in that the concentration of SS in the
biologically treated flow obtained at the output from
the first biological treatment step is less than 1g/l.

6. Process set forth in any one cof claims 1 to 5,
characterised in that it comprises a step consisting of
injecting at least one flocculating reagent into said
mixing zone.

7. Process set forth in claim 6, characterised in
that it comprises at least one step consisting of
injecting at least one coagulating reagent on the input
side of said flocculating reagent.

8. Process set forth in any one of claims 1 to 7,
characterised in that the residence time of said
biologically treated flow in said mixing zone 1is
between 1 and 10 minutes and is preferably less than 3

minutes.
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bi ol ogically treated flow obtained at the output from

the first biological treatnent step is less than Ig/l.

6. Process set forth in any one of claims 1 to 5, 20
characterised in that it conpri;ges a step consisting

of injecting at |east one flocculating reagent into

said mxing zone. 7. Process set forth in claimb®,
characterised in that it conprises at |east one step
consisting of 25 injecting at |east one coagul ating
reagent d¢h tHieolopiral sitecaimeni d inseallatipy for waste
rea 8 r S forth | | ai ;
to Jlenorak aMELRAirA T (B FBE Efeflef Bl foren in
sai thnyi ohegisfl kyatimeat £d tid ogy, | rsaiat tEpdigeg zdne tilmt it
30 between 1 and 10 mnutes and is preferably |ess

t hant ¥ 14ASfites. 15 9. Biol ogical treatnent

installatiqn £QLoWast fon@ler bfi%pdg;ﬂ@aqrreeftéa't@enef ddie (1)

process set forth in any one of ¢lains 1 to

charcatmerisiowy iat tIeast tong nel oblegicsl -tpyedimedt reactor,

bi omass bi ol ogi.cal treatnen one‘§% . _conprising._at
| east one barol%d‘éﬁléléﬁ P85t n&%f rea olrs,lr-lgaorﬂexi %gr several

zone s COPPEvEaEg whehoatsawriaal ondrksolPgbyalled treated
with at |east one.biolo%%fall treated main flow
ar r (%N chhANeRIEAYR 1o af2theobbepnedi @Y roe ocutput

2P, PLAThIEASEATR! il Bonleqs o8 deast one

of spamdary reteival chswhebl 641h sateeched tengegource of

thangranular material insoluble in water and denser than
water, and at least one stirring system (22);

- a settlement zone (3) receiving the flow
originating from said mixing zone and provided with a
clarified effluent extraction channel (32) and an
extraction channel (35) for the mix of settled sludge
and granular material,

- a granular material recovery zZone (4}
communicating at the inlet with said extraction channel
(35) for extraction of the mix of settled sludge and
granular material, and communicating at the outlet with
said secondary granular material inlet channel (41) and
with an excess sludge extraction channel (42).

10. Installation set forth in claim 9,
characterised in that it includes means (421) of
recycling at least part of the sludge separated from
the granular material towards the mixing zone.

11. Installation set forth in either claim 9 or

10, characterised in that said biological treatment
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water, and at | east one stirring system (22); a
settlement zone (3) receiving the flow 15 originating
fromsaid m xing zone and provided with a clarified
effluent extraction channel (33); and an extraction
channel (35) for the m x of settled sludge and
granular material, - a granular material recovery zone
(4) 20 comunicating at the inlet with said
extraction channel (35) for extraction of the m x of
set tAage sl@dgelsandf griemubacteuiali dled.an¥BBR or biofilter
conqﬁﬁgcating at the outlet with said secondary

gran %" material inlet channel (41) and wth an

excess slufgereddiacid opn chageel (42xth?25 I claim 11,
Installation set forth in claim9, characterised in
t hatCharagia uiird neansthapi1pade pieledirgl attysaddtent zone

part of L8R §§L§ege SRR L eeu% B8Ft st N SEANUEREn among the

t
=
material to s the mxing zohe. 11. Installation set
f or thoJJowindertydesi:m 9 ®_ll3) 1@pldkasact plated,i nribbons,

t hat id biological treatnment 16 _zone ( s of the
bR i TARPIRBEE AITEHT TGP Tonds, 15teks 8k &Bbs.

I nstal | atippn secd0idtidm séai poith iehamgcieid € ¢Daims 9
that said biological treatnent zone 5 (1) conprises

bi orfs s 1RuppEhBEaAcHEFeFeRr oPanbhyt t A ¥d| Meifly zone (2)

typec%m;flai'éc%s | gL 5Pl §S'tafﬂ3@b%s’wh§éh' af A3CUE  one
or simlar type rings, disks or drums. 1
| nstel datiron wedngor(tk)i nanyooneedf capabie ®ft ckd@ping the
characl Sl dd it i 521 &, gl e.zone (2)

14. Installation set forth in any one of claims 9
to 13, characterised in that it comprises means of
injection (24) of at least one flocculating agent such
as an ionic or cationic polymer, intc said mixing zone
or into said main inlet channel for said bioleogically
treated flow.

15. Installation set forth in claim 14,
characterised in that it comprises means (23) of
injection of at least one coagulating agent such as a
metallic salt or an organic coagulant, provided on the
input side of said means of injection of said
flocculating agent.

16. Installation set forth in any one of claims 9
to 15, characterised in that said granular material is
sand with dimensions between 40 micrometers and 300
micrometers.

17. Installation for the treatment of water set

forth in any one of claims 9 to 16, characterised in

that said settlement zone does not have any lamella.



10 conprises at |east one tank in which at |east one
stirring nmeans (22) is |ocated capable of keeping the
granul ar material in suspension. 14. Installation set
forth in any one of clainms 9 #e 13, characterised in
that it conprises nmeans of 15 injection (24) of at

| east one floccul ating agent such as an ionic or
cationic polymer, into said m xing zone or into said
mai n i nl et channel for said biologicall treated
flow. 15218.ndirtadiliadii et fPérttHlﬁ‘ nt&ed opowater set
Charf%q:tq{l da%jg} tJ}?et 6f ‘é@gﬂfn'ss%s f5alsg, (?r_%)af%]cterised in
i nj ection of at“least one coagul ati ng agent such as a
nmet alHatc ssdld @t tdremergandane ciaps drye prawe eal. on t he
i nput side of said neans of injection of said
flocculating agent. 25 16. Installation set forth in
any one of claims 9 to 15, characterised in that said
granul ar material is sand with dinmensions between 40
m cronmeters and 300 micronmeters. 17. Installation for
the treatnent of water set 30 forth in any one of
clains 9 to 16, characterised in that said settlenent
zone does not have any lanella. 17 18. Installation
for the treatment of water set forth in any one of
claims 9 to 16, characterised in that said settlenent
zone does have | anell a.



